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(54) LIGHT SCATTERING BODY AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain an inexpensive light scattering body which has a large light 
scattering angle and is inexpensive by forming the respective recessed parts on the 
surface of approximately spheroidal parts and smoothing the surfaces of the respective 
recessed parts. 

CONSTITUTION: The light scattering body consists of a glass base body 1 two- 
dimensionally randomly arranged with the plural recessed parts formed by an etching 
method on its surface. The respective recessed parts consist of the approximately 
spheroidal parts. The light scattering body having the smooth surfaces of the 
respective recessed parts is thus obtained. In such a case, the plural recessed parts 
may be formed on one surface of the base body 1 and the recessed parts may be 
formed on both surfaces as well in the embodiment obtained by applying the light 

scattering body to the flat planar glass base body. The surface formed with such recessed parts functions as a 
light scattering surface 4. The base bodies 1 of various shapes are selected according to purposes. The recessed 
parts formed in such a manner provide the surface having a smooth lens effect. Further, the curvature, density 
and distribution of the recessed parts are controlled by changing the etching conditions. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the light-scattering object characterized by being the light-scattering object with which 
two or more crevices formed by the etching method consist of a glass base arranged by two- 
dimensional random on the front face, for said each crevice consisting of a part of an abbreviation 
sphere, and the front face of each of said crevice being smooth. 

[Claim 2] The light-scattering object with which it is a light-scattering object according to claim 1, and 
said crevice was formed all over the abbreviation for the front face of said glass base. 
[Claim 3] The light-scattering object which is a light-scattering object according to claim 1 or 2, and 
was filled up with the transparent material which has the refractive index in which said crevice differs 
from said glass base. 

[Claim 4] The light-scattering object which it is a light-scattering object according to claim 1 or 2, filled 
up with the transparent material which has the refractive index in which said crevice differs from said 
glass base, and has been pasted up on transparence base with said another glass base through said 
transparent material. 

[Claim 5] The light-scattering object by which restoration adhesion was carried out by the transparent 
material which has a refractive index which is arranged so that the fields to which two light-scattering 
objects according to claim 1 or 2 have said crevice may make it counter, and is different from said glass 
base in said crevice. 

[Claim 6] It is the light-scattering object with which the refractive index of said transparent material has 
0.1 or more refractive-index differences in a light-scattering object according to claim 3 to 5 to the 
refractive indexes 1 .45-2.03 (lambda= 550nm) of said glass base. 

[Claim 7] (a) the process which forms a micro crack in a glass base front face, and (b) — the 
manufacture approach of the light-scattering object characterized by including the process immersed in 
the etching reagent containing fluoric acid in said glass base, and the above process. 
[Claim 8] The process which gives said micro crack in the manufacture approach of a light-scattering 
object according to claim 7 is the manufacture approach of the light-scattering object by the 
sandblasting process or the wrapping process by the abrasive grain of #100-#1000. 

[Claim 9] The manufacture approach of a light-scattering object including the process which carries out 
restoration flattening of the transparent material from which said base and refractive index differ in two 
or more crevices formed in the (c) aforementioned base front face in addition to the manufacture 
approach of a light-scattering object according to claim 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[oooi] 

[Industrial Application] This invention relates to the light-scattering object and its manufacture 

approach as an optic. 

[0002] 

[Description of the Prior Art] As the light-scattering object known, especially a light-scattering object 
which is used as a scattered plate, conventionally (1) in the "liquid crystal display" of JP,62-931 7,A In 
the "liquid crystal display" of forming a refractive-index distribution field in a liquid crystal substrate by 
the ion-exchange method, and (2) JP,60-202464 f A In the "liquid crystal display" of the thing to depend 
on a lenticular lens and for which a tropism diffusion plate is used on the other hand, and (3) JP,61- 
3125,A In the "liquid crystal display" of using the polished glass which has a split face as a diffusion 
plate, and a micro-lens array and a fiber mat, and (4) JP,2-302725,A A resin diffusion plate, etching 
glass, and Ti02 Using acrylic resin coating to include as a diffusion plate etc. is shown. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the approach of producing the micro lens and 
lenticular lens by the ion-exchange method is possible only on the glass containing alkali ion, and the 
class of glass of a substrate has a limit. Moreover, in order to form a lens array on a substrate, there is 
a fault that formation and the FOTORISO process of the diffusion prevention film of the ion exchange 
are usually indispensable, and production cost becomes high. 

[0004] Moreover, generally the thing using organic resin has thermal resistance, chemical resistance, a 
low degree of hardness, etc. compared with inorganic glass, and we are anxious about dependability over 
a long period of time. The approach of furthermore distributing a particle in a low refractive-index 
ingredient is difficult for being easy to produce condensation of a particle and making homogeneity 
distribute a particle to obtain the difficult and fixed dispersion engine performance. 

[0005] Although a light-scattering plate can only produce a front face for the glass substrate which has 
a split face, and a glass substrate cheaply by the rough **** approach by the etching method, there is a 
trouble that it is difficult and control of a diffusion angle does not become not much large in a diffusion 
angle. 

[0006] So, it aims at offering a light-scattering object large a light-scattering angle and cheap moreover 

in this invention. 

[0007] 

[Means for Solving the Problem] if this invention etches the glass base which has a micro crack on the 
front face — from the head of a micro crack — etc. — etching advances directionally, two or more 
crevices arranged by two-dimensional random are formed in a base front face, and the crevice is a part 
and is made by the abbreviation sphere based on the knowledge that the front face is smooth. 
[0008] That is, it is the light-scattering object with which two or more crevices formed by the etching 
method consist of a glass base arranged by two-dimensional random on the front face, and said each 
crevice consists of a part of an abbreviation sphere, and the front face of each of said crevice is a 
smooth light-scattering object. 



-3- 



[0009] Furthermore, said crevice is the light-scattering object formed all over the abbreviation for the 
front face of said glass base. It is the light-scattering object filled up with the transparent material which 
has the refractive index in which said crevice differs from said glass base further again. Moreover, said 
crevice is the light-scattering object which filled up with the transparent material which has a different 
refractive index from said glass base, and has been pasted up on transparence base with said another 
glass base through said transparent material. 

[0010] Moreover, it is the manufacture approach of the light-scattering object characterized by 
including the following processes. (Refer to drawing 5 ) 

(a) the process (b) which forms a micro crack in a glass base front face — it is the manufacture 
approach of the light-scattering object which includes the following processes in the process pan 
immersed in the etching reagent containing fluoric acid in said glass base. 

(c) The process which carries out restoration flattening of the transparent material from which said base 
and refractive index differ in two or more crevices formed in said base front face [001 1] The example 
which applied the light-scattering object by this invention to the plate-like glass base is shown in 
drawing 1 . Like drawing 1 (a), two or more crevices may be formed in one side of a base 1, and it may 
be formed in both sides like drawing 1 (b). The field in which this crevice was formed functions as a 
light-scattering side 4. Moreover, according to the object, a base is chosen for various configurations. 
[0012] Still like drawing 2 , two or more crevices formed in the front face of a base 1 may be filled up 
with the transparent material 2 which has the refractive index of said base, and a different refractive 
index. Moreover, another transparence base 3 may be pasted through said transparent material 2 like 
drawing 3 . 

[0013] Furthermore, it may be arranged so that two bases 1 which have two or more crevices may 
counter the one side in said field 4 comrades like drawing 4 , and restoration adhesion may be carried 
out by the transparent material 2 which has a refractive index which is different from said glass base in 
said crevice. 

[0014] As a glass base used by this invention, quartz glass, soda lime glass, alkali alumino silicate glass, 
ARUKARIBORO silicate glass, multicomponent alkali free glass, and low expansion glass ceramics (for 
example, LaSF35 (trademark)) are mentioned. 

[0015] The process which gives a micro crack to the glass base front face in the (a) process of said 
process claim can perform particles, such as an alumina and SiC, by sandblasting made to collide with a 
base with pneumatic pressure, and wrapping by the abrasive grain of #100-#1000. 
[0016] The presentation of the etchant used by this invention is selected with the presentation of the 
glass base to be used. For example, in the case of a quartz-glass base, hydrogen fluoride and the water 
solution containing surface active agents, such as sodium dodecylbenzenesulfonate (DBSNa), are used 
as etchant. Moreover, in the case of a soda lime glass base, in addition to hydrogen fluoride, organic 
acids, such as mineral acids, such as a sulfuric acid, and an acetic acid, are added in many cases, and 
surfactants, such as sodium dodecylbenzenesulfonate, are added to it if needed. 

[0017] As an ingredient filled up with the crevice formed in the base front face, resin, low melting glass, 
the sol gel film, the electrophoresis electrodeposited film of a non-subtlety particle, an inorganic organic 
composite material (sol gel), etc. can use. 

[0018] Said packing material is desirable, when selecting the ingredient which has 0.1 or more 
refractive-index differences from the refractive index of said glass base increases the numerical 
aperture NA of the lens obtained using said crevice, it has and the dispersion property of a light- 
scattering object is raised. In addition, the refractive index of a packing material may be lower than that 
of a base, or may be high. 
[0019] 

[Function] The glass base crevice by this invention is smooth, and has become the front face which has 
a lens operation. The curvature of said crevice, and whenever dense, distribution is controllable by 
changing etching conditions. Moreover, it can be filled up with the ingredient with which a glass base 
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differs from a refractive index in said crevice if needed, or the dispersion property of the light-scattering 

object which two bases which have said crevice are made to counter, and is acquired by lamination 

****** can be controlled. 

[0020] 

[Example] 

(Example 1) On condition that the following, etching time was changed and the various light-scattering 
objects made from quartz glass were produced. 

[0021] production condition [ of a light-scattering object ]: — etchant: — 50%HF water-solution etching 
time: — 5, 10, 20, and 60,125,183,240 minutes (room temperature) 
Base: Primary lap quartz-glass substrate (one side) 

[0022] The measurement result of the surface profile in each etching time of the various quartz glass at 
this time is shown in drawing 6 and drawing 7 R> 7. (a) - (h) shows etching time:0, 5, 10, 20, and 
60,125,183,240 minutes (room temperature), respectively. 

[0023] Furthermore, change of the maximum granularity (Rmax) of the various quartz-glass substrates 
accompanying etching is shown in drawing 8 . Moreover, change of the concavo-convex period (the 
number of scan distance / troughs) of the various quartz-glass substrates accompanying etching is 
shown in drawing 9 . Furthermore, the conceptual diagram of the situation of change on the front face of 
glass accompanying etching time is shown in drawing 1010 . 

[0024] In addition, although optical microscope observation of various quartz-glass substrate front faces 
was also performed, the measurement result of a surface profile and the same observation result are 
obtained. The flat-surface configuration of a crevice is changing from minute various polygon 
configurations to the polygon configuration where area is big. However, since it is not suitable for official 
report printing, it is not shown here. 

[0025] Fine irregularity and a micro crack exist in the roughened glass substrate front face ( drawing 6 
(a)). The depth of the crevice and micro crack has dispersion. When such a glass substrate is etched, 
change of the shape of surface type by etching does not reflect an early concavo-convex period, but 
reflecting distribution of a deep crevice or a micro crack, a polygon crevice becomes dense arrangement 
and it goes so that the result shown in drawing 8 or drawing 9 may show (refer to drawing 10 ). 
Moreover, by etching, the maximum granularity once increases and it is decreasing gradually. 
[0026] (Example 2) In this example 2, it replaced with the quartz substrate of an example 1, and the 
light-scattering object was produced using #by Corning, Inc. 7059 substrate. 

[0027] production condition [ of a light-scattering object ]: — etchant: — 50%HF water-solution etching 
time: — 5 minutes (room temperature) 

base: — #by Corning, Inc. 7059 substrate surface roughening condition: — sandblasting, #100 lap, #400 
lap, and #1000 lap (one side) 

[0028] Optical microscope observation before and behind etching of #7059 substrate in each etching 
surface roughening conditions was performed. With any substrate, the crevice of the shape of the 
abbreviation spherical surface reflecting the roughening condition is formed. However, since it is not 
suitable for official report printing, it is not shown here. 

[0029] This result shows that two or more crevices of the shape of the abbreviation spherical surface 
arranged by two-dimensional random on the front face can be formed not only in the case of the quartz 
substrate shown in the example 1 but in #7059 substrate. 

[0030] (Example 3) In this example, the light-scattering property of the light-scattering object by this 
invention was measured. In addition, the outline of a measuring device is as having been shown in 
drawing 1 1 . Moreover, the relative intensity of whenever [ angle diffusion angle / which was 
standardized by the optical reinforcement on an optical axis ] estimated the dispersion property, and it 
evaluated the half^value width of relative intensity as a diffusion angle. Furthermore, from the diffusion 
angle, sin (a diffusion angle/2) was defined as NA, and was calculated. 

[0031] production condition [ of a light-scattering object ]: — etchant: — 10%HF+0.1%DBSNa water- 
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solution base: — #by Corning, Inc. 7059 substrate (100mm angle, thickness of 1mm) 

Surface roughening conditions: Sandblasting (one side) 

[0032] 
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SI. U->^»JXh 







mm**® 


i 






2 


1 o# 




3 




i Tovomv 


4 


1 o# 


I TOV)V¥)V 



[0033] In addition, with samples 3 and 4, the ink which mixed the Sumitomo Metal Mining ITO powder 75 
section and the sol gel 25 section was applied to the etching side with the spray method, was calcinated 
for 30 minutes at 160 degrees C, and it considered as the light-scattering object with which it filled up 
with the crevice by etching (refer to drawing 2 ). 

[0034] The dispersion property of samples 1-4 is shown in drawing 1 2 and drawing 1313 . Furthermore, 
the result of diffusion angle measurement is shown in a table 2. 
[0035] 
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[0036] In addition, NA of the quartz substrate which carried out the lap of both sides and made both 
sides the diffusing surface for the reference comparison was 0.2. Therefore, although the light- 
scattering object shown in the example 3 formed the diffusing surface only in one side, it turned out that 
it has the light-scattering engine performance equivalent to the substrate which carried out the lap of 
both sides. 
[0037] 

[Effect of the Invention] this invention — a glass base front face — beforehand — mechanical — rough 
**** — the micro crack is made to form in a front face by things if the glass base which has this micro 
crack on a front face is immersed in HF system etchant — from the head of a micro crack — etc. — 
etching advances directionally and two or more crevices arranged by two-dimensional random on the 
base front face by this can be formed. 

[0038] The crevice formed by said approach is the front face which has a smooth lens operation. The 
curvature of said crevice, and whenever dense, distribution is controllable by changing etching 
conditions. Moreover, the dispersion property of the light-scattering object acquired is controllable by 
being filled up with the ingredient with which refractive indexes differ in said crevice if needed, or 
arranging so that the fields which have said crevice may make two light-scattering objects which have 
said crevice counter, and carrying out restoration adhesion by the transparent material which has a 
refractive index which is different from said glass base in said crevice. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross-section conceptual diagram of the light-scattering object of this invention. 
[Drawing 2] The cross-section conceptual diagram of the light-scattering object (what was filled up with 
the transparent material) of this invention. 

[Drawing 3] The cross-section conceptual diagram of the light-scattering object (what pasted up the 
transparent material with the base different from ******) of this invention. 

[Drawing 4] The cross-section conceptual diagram of the light-scattering object (two-sheet lamination 
structure) of this invention. 

[Drawing 5] The production process of the light-scattering object of this invention. 
[Drawing 6] The surface profile curve of the quartz-glass substrate of each etching time (the 1). 
[Drawing 7] The surface profile curve of the quartz-glass substrate of each etching time (the 2). 
[Drawing 8] Drawing showing change of the maximum granularity (Rmax) of the quartz-glass substrate of 
each etching time. 

[Drawing 9] Drawing showing change of the concavo-convex period (the number of scan distance / 
troughs) of the quartz-glass substrate of each etching time. 

[Drawing 10] The conceptual diagram of the situation of change on the front face of glass of etching 
time. 

[Drawing 11] Drawing showing the outline configuration of the assessment equipment of the dispersion 
property of a light-scattering object. 

[Drawing 12] Drawing showing the measurement result of the dispersion property of a light-scattering 
object. (The 1) 

[Drawing 1 3] Drawing showing the measurement result of the dispersion property of a light-scattering 
object. (The 2) 
[Description of Notations] 

1: A glass substrate, 2:transparent material, 3:transparence base (transparence plate), 4:crevice forming 
face (light-scattering side), 11:helium-Ne laser, 12:ND filter, 13:sample (light-scattering object), 14 : 
illuminometer, • 
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[0 0 2 1] 7t«SL#ro^g^fr : 
X^?^>b : 5 0%HFtK^ 
JLy^yt/mm : 5, 10, 20, 60, 1 2 5, 18 
3, 2 4 0# 

Sft: 1*7 7 7"5^7XIS (Jtffl) 
[0 0 2 2] ^Oi^(Da^cD5^^f^7,©#X-y5 : -> 

7tC^-r 9 (a) ~ (h) tt, Xy^^H^l : 0, 
5., 10, 20, 60, 125, 183, 2 4 0^ (i 
20 *S) S:-?-n-?-'n^LTli-g>. 

[0 0 2 3] £<=>{;:. S8tCXy^>^(C#^a^«5 

^^^7.a«cos^a$ (Rmax) ©^t&^-r. i; 

tz. EI9(CX^7 c >^{C^e»a^cD5^^^7,»tSc01H] 
db^W (££S§gf£/£f©i&) ©^fc^T, $<~>tC, g| 
lOt, X^^P^t^tf^T,^®©^©^ 

[0 0 2 4] fcfc, ffl^C05^^77.»S«ffi©>t^ 

[0 0 2 5] aftUfc«»t©^f7XS*R*ffi»Ctt, 
&E0i!b*V-f £n£5y£##ffiLT^S (0 6 
(a) ) o *©0D»-^v-f ^D^_7y^©«?Sf4. 

3Ly7>?\z&z>ikmwvi<Dmm. ms^ 

40 £AJ*igffi#tSlftE*K:&?TfT< (H10# 

[0 0 2 6] (HJg«»J 2 ) d ©H^J 2 T«. HJg^J 1 
©G^SIStC^AT. a-Z>^/tl!#7 0 5 9li5: 

[0 0 2 7] JtlRSLfrOf^S^fr : 
Xy7^>h : 5 0%HFtKS^ 
Xy?>?ftm : 5» (^S) 

: a-X>^ttSJ# 7 0 5 9lfi 
so ^ffiffi{t^# : V>\*Zf7Xb. #100777", #4 
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5 

QQ?V7\ # 1 00 077^ Ofrffi) 
[0 0 2 8 ] #Xy^>^XffiafMi#fc:*i»*-5# 7 0 

[0029] ir^Lfce^a 
«©*§£•©#.& ■s.-r, #705 9S^icfc, -^©^ek 

[0 0 3 0] (HEtfi«3) CCD^JfcHTtt, #3691 K«fc 

*t»«Tff«U ffi;»3*«©¥*«&ttafc£LT8Mlli 
Lfc„ S6W«)ltM*6. s i n (K&A/2) £ 
NAiSil, *8&fc. 

[0 0 3 1 ] ^«[a#:©^S!*# : 
I7ft>h: 10%HF+0. l%DBSNa7kJ§f& 
: 7 0 5 9 S« (1 0 Ommft, 

1 mm) 

[0 0 3 2] 









i 






2 


1 o# 




3 




i Toy*y* 


4 


l o# 


i Toy^y* 



[0 0 3 3] &i5, •y->^3, 4TI1 &£&JHttlll 
SI I TO§7 5SB<h, vOUy;U2 5«i£jg£Ufc-f > 
ZZTs-JV-mZT. 16 0*0 

CT3 Ofl-W&jfcbT, xy^>^£J;*IH , «**a5«';£ 
nfc*«a*tlfc (H2»RR) . 

[0 0 3 4] ■y->^ , ;n*»6 4©ttaWtt*Bi 1 2 ti 
13 se.tc*afta«ois***2K*r. 

[0 0 3 5] 
[«2] 



(4) 





«3Lft (3D 


NA 


1 


2 2 


0.19 


2 


2 1 


0. 1 8 


3 


2 4 


0.2 1 


4 


2 2 


0.19 



io [0 0 3 6] fcfe^ttfRofc**::, mrnt^y^m 
®£ft5ta®£Lfc5£*«©NAte. 0. 2T*ofc. 

[0 0 3 7] 

P^7-yi7©5fe«^e.^(fi)Wfcx>y^>^3tfrb. 

ztuzkomfcumiz 2 &7c^ >^ACE?ijsnfc«sfc 

[0 0 3 8] «JIE*feK:«toT»J«$nfcPflfflttS|r»fe' 

<!©7t«a&£, »eia«ft#r*iiin±3&*»iflis** 

m&m-Tzmwttn-vftm&m-rzz.i:\z&r). t#e,n 
■&3tt*a#©*a#ttSr#jii-r*ct*«-p**. 

[0iB©ffi¥ftf&9I] 

[0 1 ] *56M03t«a*©WrBS««:H. 

[02] *^Bj©7t«a^ (89i*ms3te*ufct>©) 
[0 3] *^Bj©7t*a^ 

[114] *^BJ©7t«ta^ ( 2 ftIA£-tH8jg) ©»tS« 
io i;i„ 

[0 5] *^H^©7t*a^©^S^Pi:7.. 
[06] Sl7f>^MOE^7Xi«O^I/D 
7 7^i« (-t©l) . 

[E7] #x-v5 i >^K©s^^57 l s«©sffiyp 

7 7^i« (-t©2) . 

[0 8] #Xy^>^RfM©5^5X»«0«*aS 
(Rmax) ©^^*^T0. 

[0 9] £Xs/^>^l»H©B£*f?*aW©HO»JH 
(^S!Sgl/#©S) ©^{L£*T0, 

so [110] I7f >^©^7XgIfi)fft©Il L © 
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(5) 



«fc§:0. 

[sin 3t«a#©*a»tt©fffiiiisao«is*ia* 
[012] 3tf^#©«aiste©ai:£ig***-rB. 
[013] 3t«a#©*afttt©ffl?&B***-f a. 



(^•©2) 
[ft^©fftlJH] 

i : ^7xis, 2 : sn^ft, 3 : mwmte mm 

m , 4 : Qg«SJgj$i& (ftfKaffi) , l l : He-Ne 
V— if, 1 2 : ND7^W, 1 3 : -y->7 p ;U <3fc*a 
ft) , 14: Bg«tt, 



[01] 



[0 2] 



[03] 



(a) 




* 3 




[011] 
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